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NATIONAL FOREWORD 

This Indian Standard (First Revision) which is identical with ISO 4406 : 1 999 'Hydraulic fluid power — 
Fluids — Method for coding the level of contamination by solid particles' issued by the International 
Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards on the 
recommendation of the Fluid Power Systems Sectional Committee and approval of the Production 
and General Engineering Division Council. 

This standard was originally published as IS 1 3542 : 1 992 'Hydraulic fluid power — Contamination 
analysis — Method of reporting analysis data' based on ISO 3938 : 1 986 'Hydraulic fluid power — 
Contamination analysis — Method of reporting analysis data' and ISO 4406 : 1 987 'Hydraulic fluid 
power — Fluids — Method for coding the level of contamination by solid particles'. The first revision 
has been harmonized with ISO 4406 : 1 999 by adoption under dual numbering system to make pace 
with the latest developments that have taken place at international level. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain terminology and conventions are, however, not identical to those used in Indian 
Standards. Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards the current practice 
is to use a point (.) as the decimal marker. 

The technical committee has reviewed the provisions of the following International Standards referred 
in this adopted standard and has decided that they are acceptable for use in conjunction with this 
standard: 

International Standard Title 

ISO 4407 : 1991^' Hydraulic fluid power — Fluid contamination — Determination of particulate 

contamination by the counting method using a microscope 

ISO 11171 : 1999^' Hydraulic fluid power — Calibration of automatic particle counters for 

liquids 

ISO 1 1 500 : 1 997^> Hydraulic fluid power — Determination of the particulate contamination 

by automatic counting using the light-extinction principle 

Annex A forms a normative part of this standard. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 



'' Since revised in 2002. 
^' Since revised in 2010. 
^' Since revised in 2008. 
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Indian Standard 

HYDRAULIC FLUID POWER — FLUIDS — METHOD 
FOR CODING THE LEVEL OF CONTAMINATION BY 

SOLID PARTICLES 

( First Revision ) 

1 Scope 

This International Standard specifies the code to be used in defining the quantity of solid particles in the fluid used 
in a given hydraulic fluid power system. 



2 Normative references 

The following normative documents contain provisions which, through reference in this text, constitute provisions of 
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these 
publications do not apply. However, parties to agreements based on this International Standard are encouraged to 
investigate the possibility of applying the most recent editions of the normative documents indicated below. For 
undated references, the latest edition of the normative document referred to applies. Members of ISO and lEC 
maintain registers of currently valid International Standards. 

ISO 4407:1 991 , Hydraulic fluid power — Fluid contamination — Determination of particulate contamination by tfie 
counting method using a microscope. 

ISO 1 1 1 71 : 1 999, Hydraulic fluid power — Calibration of automatic particle counters for liquids. 

ISO 1 1500:1997, Hydraulic fluid power — Determination of particulate contamination by automatic counting using 
the light extinction principle. 



3 Code definition 

3.1 General 

The purpose of this code is to simplify the reporting of particle count data by converting the numbers of particles 
into broad classes or codes, where an increase in one code is generally a doubling of the contamination level. 

The original code in accordance with ISO 4406:1987 stated the reporting at two sizes, >5 |am and > 15 |am, but the 
sizes in this revision have been changed to account for the use of a different calibration standard for optical 
automatic particle counters. The reported sizes are >4|jm(c), ^6|jm(c) and ^14|am(c), the last two of these 
being equivalent to the 5 |jm and 15|jm particle sizes obtained using the ISO 4402:1991 method of calibrating 
automatic particle counters. ISO 4402:1 991 has been replaced by ISO 11171:1999. Throughout this International 
Standard, the use of |am(c) means that particle size measurements are carried out using an automatic particle 
counter which has been calibrated in accordance with ISO 11171. 

Measurement of particles using an optical microscope as specified in ISO 4407:1 991 establishes the size of a 
particle as being equal to its longest dimension, whereas an automatic particle counter derives the size of an 
equivalent particle from its cross-sectional area, a value different in most cases from that determined using a 
microscope. The particle sizes to be reported for measurement by microscope, ^5|jm and ^15|jm, are 
unchanged from those specified in ISO 4406:1987. 
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CAUTION — Particle counts are affected by a variety of factors. These factors include procurement of 
sample, particle counting accuracy, and the sample container, where used, and its cleanliness. Proper care 
should be taken during sample procurement to ensure that the sample obtained is representative of the 
fluid circulation in the system. 

3.2 Basis of code 

The code for contamination levels using automatic particle counters comprises three scale numbers, which permit 
the differentiation of the dimension and the distribution of the particles as follows: 

— the first scale number represents the number of particles equal to or larger than 4 |jm(c) per millilitre of fluid; 

— the second scale number represents the number of particles equal to or larger than 6 |jm(c) per millilitre of fluid; 

— the third scale number represents the number of particles equal to or larger than 1 4 |jm(c) per millilitre of fluid. 
The code for microscope counting comprises two scale numbers using 5 nm and 15 \im. 

3.3 Allocation of scale numbers 

3.3.1 The scale numbers are allocated according to the number of particles counted per millilitre of the fluid 
sample (see Table 1). 

3.3.2 A step ratio of generally two, as given between the upper and lower limits for the number of particles per 
millilitre in Table 1 , has been adopted to keep the number of scale numbers within a reasonable limit and to ensure 
that each step is meaningful. 

3.4 Determination of code using automatic particle counter analysis 

3.4.1 Counting shall be undertaken in accordance with ISO 11 500 or another recognised method, using an 
automatic particle counter calibrated to ISO 1 1 1 71 . 

3.4.2 A scale number shall be allocated to the number of particles equal to or larger than 4 nm(c). 

3.4.3 A second scale number shall be allocated to the number of particles equal to or larger than 6 |am(c). 

3.4.4 A third scale number shall be allocated to the number of particles equal to or larger than 14 |am(c). 

3.4.5 The three numbers shall be written one after the other and separated by oblique strokes (slashes). 

EXAMPLE A code of 22/18/13 signifies that there are more than 20 000 and up to and including 40 000 particles equal to 

or larger than 4 |jm(c), more than 1 300 and up to and including 2 500 particles equal to or larger than 6 nm(c) and more than 40 
and up to and including 80 particles equal to or larger than 1 4 Mm(c) in 1 ml of a given fluid sample. 

3.4.6 When applicable, include either a "*" (too numerous to count) or a " — " (no requirement to count) notation 
when reporting the scale number. 

EXAMPLE 1 719/14 means that this sample has too many particles equal to or larger than 4 |jm(c) to count. 

EXAMPLE 2 — ^/1 9/1 4 means that there was no requirement to count particles equal to or larger than 4 |im(c). 
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Table 1 — Allocation of scale numbers 



Number of particles per millilitre 


Scale number 




More than 


Up to and including 






2500000 




>28 




1300000 


2 500000 


28 




640000 


1300000 


27 




320000 


640000 


26 




160000 


320000 


25 




80000 


160000 


24 




40000 


80000 


23 




20000 


40000 


22 




10000 


20000 


21 




5000 


10000 


20 




2500 


5000 


19 




1300 


2500 


18 




640 


1300 


17 




320 


640 


16 




160 


320 


15 




80 


160 


14 




40 


80 


13 




20 


40 


12 




10 


20 


11 




5 


10 


10 




2,5 


5 


9 




1,3 


2,5 


8 




0,64 


1,3 


7 




0,32 


0,64 


6 




0,16 


0,32 


5 




0,08 


0,16 


4 




0,04 


0,08 


3 




0,02 


0,04 


2 




0,01 


0,02 


1 




0,00 


0,01 







NOTE Reproducibility below scale number 8 is affected by the actual number 
Raw counts should be more than 20 particles. If this is not possible, then refer to 3.4 


of particles counted in the fluid 
.7. 


sample. 



3.4.7 When the raw data in one of the size ranges results in a particle count of fewer than 20 particles, the scale 
number for that size range shall be labelled with the symbol ^. 



EXAMPLE A code of 14/12/5:7 signifies that there are more than 80 and up to and including 160 particles equal to or 

larger than 4 |im(c) per millilitre and more than 20 and up to and including 40 particles equal to or larger than 6 |im(c) per 
millilitre. The third part of the code, 5= 7, indicates that there are more than 0,64 and up to and including 1 ,3 particles equal to or 
larger than 14 |im(c) per millilitre, but less than 20 particles were counted, which lowers statistical confidence. Because of this 
lower confidence, the 14|im(c) part of the code could actually be higher than 7, indicating a particle count more than 
1 ,3 particles per millilitre. 
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3.5 Determination of code using microscope sizing 

3.5.1 Counting shall be undertaken in accordance with ISO 4407. 

3.5.2 A scale number shall be allocated to the number of particles equal to or larger than 5 |im. 

3.5.3 A second scale number shall be allocated to the number of particles equal to or larger than 15 |am. 

3.5.4 In order to relate to counts obtained with an automatic particle counter, the code shall be stated in three- 
part form with the first part given as a " — ", e.g. — /18/13. 

4 Identification statement (reference to this International Standard) 

Use the following statement in test reports, catalogues and sales literature when electing to comply with this 
International Standard: 

"Solid contaminant code conforms to ISO 4406:1 999, Hydraulic fluid power — Fluids — Method for coding the level 
of contamination by solid particles." 
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Annex A 

(normative) 

Graphical presentation of the code number 



For automatic particle counter analysis, tine contaminant code is determined by allocating a first scale number to 
the total number of particles equal to or larger tinan 4 |jm(c), allocating a second scale number to the total number 
of particles equal to or larger than 6 |im(c) and allocating a third scale number to the total number of particles equal 
to or larger than 14 |jm(c), and then writing these three numbers one after another separated by oblique strokes 
(slashes). For an example, see 22/18/13 in Figure A.I . For analysis by microscope, use a " — " in place of the first 
scale number and allocate the second and third numbers based on the counts at 5 nm and 15 [am, respectively. 

Interpolation is acceptable, extrapolation is not permissible. 
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NOTE Quote scale number at 4 |im(c), 6 |im{c) and 14 |im{c) levels for automatic particle counters, and at 5 |im and 

15 \xm for microscope counting. 



Figure A.I 
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